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A significant increase in food availability has been implicated in the worldwide obesity epi-
demic, and there is significant interest in understanding if specific foods may contribute
to weight gain or aid in weight loss. Many foods have been studied in controlled labora-
tory studies or short-term studies, and these findings are often the basis for food-based
public health recommendations to reduce or prevent obesity. Unfortunately, often these
findings are not applicable to free-living settings where many interacting factors influence
energy balance and body weight.Therefore, a proposed set of evidence criteria for making
a food-based public health recommendation to reduce or prevent obesity is outlined and
discussed herein, to serve as a basis for future committee or panel discussion and formal-
ization. Using these criteria as a basis for making strong evidence-based recommendations
will improve the state of science and policy in this area.
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INTRODUCTION
Obesity is the largest public health concern in developed countries,
and there is a need to understand if specific foods, food attributes,
nutrients, or eating patterns have a causative influence on body
weight. This knowledge is needed to inform evidence-based pub-
lic health policies and guidelines to reduce obesity. The general
confusion around the issue of what to eat, and what not to eat, to
prevent weight gain or promote weight loss, is reflective of a lack
of thorough evidence-based criteria for a food or nutrient being
implicated in weight change.
For example, in the 1990s and early 2000s, much of the public
health nutrition messaging and regulations for reducing obesity
focused on fat (1), whereas more recently, the focus has shifted to
refined sugars as culprit in the obesity epidemic (2). This rec-
ommendation was based on mostly epidemiological evidence,
and was ineffective. Another example of a still widely espoused
and frequently implemented public policy is the promotion of
fruit and vegetable consumption to reduce population levels of
obesity. Fruit and vegetable recommendations are also based pri-
marily on epidemiological evidence, and randomized controlled
trials (RCTs) increasing fruit and vegetable consumption have very
little effect on weight loss (3). These are examples of policies
implemented prior to subjecting them to strict evidence-based
criteria. We are not aware of a food-specific policy about weight
that has been subjected to rigorous evidence criteria and been
successful.
These inconsistencies are some of many in the field of nutri-
tion, and may reflect methodological challenges to establishing
causation in nutrition research. Herein, criteria for determining a
causative role of a food or nutrient in weight change are outlined.
Current challenges to meeting those criteria are discussed, and
future research directions in this area are highlighted.
FOOD, ENERGY BALANCE, ANDWEIGHT CHANGE: THE
IMPORTANCE OF CONTEXT
The first law of thermodynamics dictates that in order for a food to
have a causative influence on body weight, it must have a net effect
on energy intake, energy expenditure, or both. Because energy
cannot be created or destroyed, in order for an increase in body
energy stores to occur, energy intake must exceed energy expendi-
ture. Conversely, for a reduction in energy stores to occur, energy
intake must be less than energy expenditure. This is a fundamen-
tal law; however, there are many interacting factors that influence
energy intake and energy expenditure in free-living humans. Envi-
ronmental (4), social (5), and underlying biologic factors (6) all
influence energy balance and body weight.
Studying the causative influence of foods on body weight in
a free-living setting, or in the “real-world,” where individuals are
exposed to the full myriad of factors that can influence energy
balance, is therefore particularly crucial. Public health nutri-
tion policies are meant to guide the general public in weight
management in this setting. For a food or nutrient to cause
weight change in either direction in a free-living setting, its effect
must be sufficient to have an influence even in the presence of
other environmental, social, and underlying biologic factors that
also influence energy balance. If the factor of interest is not
sufficient to cause weight change in this setting, it is unlikely
that any public policy or clinical guideline with related rec-
ommendations will be effective in reducing the prevalence of
obesity.
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Food-related public health guidelines for weight loss, or for
maintaining a healthy weight, are often justified by extrapolation
of results from controlled laboratory studies of effects of foods on
energy intake over single meals or at most, a few days to weight
change in real-world settings. For example, suppose that it is found
that consuming a sugar-sweetened beverage results in 50 kcal more
to be consumed relative to a meal without a sugar-sweetened bev-
erage. Based on this finding, it is assumed that sugar-sweetened
beverages will produce weight gain, and the weight gain that may
result is calculated. This extrapolation is usually accomplished one
of two ways: either the “3500 kcal rule” is used (7) or other math-
ematical models for prediction of weight change given a certain
perturbation in energy balance for a certain period of time are
used (8, 9). However, for several reasons neither of these tech-
niques is appropriate for extrapolating a short-term change in
energy intake to long-term changes in body weight in free-living
individuals.
The 3500 kcal rule comes from the fact that 1 lb of fat contains
approximately 3,500 kcal of energy, so a net 3,500 kcal change in
energy balance should result in 1 lb of weight change (7). Using
this rule to predict or quantify weight change is an oversimplifi-
cation of energy balance, because it does not account for the fact
that energy balance is a dynamic and adaptable system (10, 11).
As a result, this rule significantly overestimates weight change (10,
11), and is not appropriate to justify or quantify the impact of a
food or nutrient related public health policies to prevent or reduce
obesity.
Available mathematical models that are sometimes used for
this purpose account for metabolic adaptations that occur with
changes in energy balance and body weight (8, 9), but are also
likely to overestimate weight change in free-living settings because
they do not account for the behavioral adaptations that are likely to
occur for perturbations in energy balance in a free-living setting.
They were developed to estimate weight change in a highly con-
trolled clinical setting where the perturbation in energy balance
occurs in isolation, and all other aspects of energy balance are
held constant. For example, these models would be appropriate
to predict weight change resulting from adding a daily sugar-
sweetened beverage to the diet if food intake from other sources
and energy expenditure were held constant. In free-living settings,
it is not likely that perturbations in energy balance occur in iso-
lation. In this setting, adding a sugar-sweetened beverage to the
daily diet may increase spontaneous energy expenditure, or may
result in decreased food intake from other sources. Thus, available
mathematical models are also not appropriate for quantifying the
potential impact of food-related public health policies to prevent
or reduce obesity.
To create evidence-based food-related public health policies
and guidelines to reduce or prevent obesity, it is crucial that
we subject the food in question to rigorous testing and verify
that it meets evidence criteria that are appropriate for evaluat-
ing the contribution of the food to weight control in free-living
settings. If this is not done, the risk of wasting public health
resources, sending mixed messages about what foods will and will
not help control body weight, and reducing trust of the general
public is high. The criteria outlined below can be used for this
purpose.
CRITERIA
Several types of evidence can suggest that a food may influence
energy balance and weight, and can justify further study of the
causative contribution of that food to body weight change. In the
following criteria, “food” will be referred to very generally, how-
ever, these criteria may be applied to a food, specific nutrient, or
food-related factor (e.g., food attributes such as volume or form,
timing of food consumption, etc.). If a food meets the following
preliminary criteria consistently in several studies by independent
groups, it can be considered for further testing:
1. Consumption of the food is associated with body weight or
body fatness in epidemiological observational studies.
2. Consumption of the food during a single ad libitum meal, from
initiation to satiation, changes energy intake from that meal rel-
ative to when that food is not offered with the same ad libitum
meal.
3. Consumption of the food on a given day (or over several days)
changes 24-h ad libitum energy intake relative to a day (or
several days) when that food is not consumed.
4. One or more components of energy expenditure is/are differ-
ent on days when the food is consumed relative to days it is not
consumed.
Obesity public health policies are often made based on one or
more of the preliminary criteria 1–4 being met from one or more
studies. However, even if all preliminary criteria are met, this is
insufficient to conclude a food plays a causative role in determining
body weight in a free-living setting. Observational studies cannot
determine causation, making evidence for criteria 1 often incon-
sistent, and insufficient to determine causation. If criteria 2–4 are
met through carefully controlled trials, this is also an insufficient
basis for an evidence-based policy for many reasons.
Although the ability of a food to have a causative influence on
energy intake in a single meal, or either energy intake or expendi-
ture for one to several days is promising and a logical indicator of
an effect on weight, these findings do not preclude the possibility
that this effect will not persist to an extent necessary to influence
body weight over the long-term. Because there are learning effects
that occur in response to perturbations in energy balance (12),
adaptations may occur to negate any significant weight change. In
addition, often a study will demonstrate a change in energy intake
or energy expenditure following incorporation of a food into the
diet, but this only provides information about one variable in the
energy balance equation. Because energy balance is a dynamic and
adaptable system, it is important to demonstrate that a change in
energy intake, for example, is not accompanied by an equivalent
and opposite change in energy expenditure, which could actually
indicate a net “0” change in overall energy balance. Finally, studies
such as those described in criteria 2 are often conducted in a highly
controlled laboratory setting, where subjects are not permitted to
behave naturally and in a way that would allow them to compen-
sate as they would in a free-living setting, making any extension of
these findings to this setting inaccurate.
Methodological challenges in accurately measuring food intake
and energy expenditure in free-living settings also preclude consis-
tent observations from studies such as those described in criteria
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1–4. Most studies attempting to capture shifts in energy balance
over several days after incorporation of a food into the diet measure
food intake or energy expenditure through self-report measures.
It has long been understood (13) and recently highlighted that
self-report dietary recalls are extremely error-prone and an “insuf-
ficient basis for scientific conclusions” (14). Energy expenditure
is also often measured through inaccurate self-report methods
(13). These inadequate methods for finding short-term changes
in energy balance as a result of incorporating a food into the diet
make it challenging to find consistent evidence that foods influence
these outcomes.
However, a RCT conducted meeting specific criteria can over-
come all of these methodological downfalls. Therefore, an addi-
tional key criterion needs to be met through several replications
by independent groups to make an evidence-based public health
policy regarding food and body weight:
5. An RCT comparing consumption of at least two objectively
verified levels of the food as part of an ad libitum diet in a
free-living setting, for at least 6 months, finds that a change in
consumption of the food causes weight change.
Such an RCT is designed to make a strong conclusion: that a
change in consumption of the food in question results in statisti-
cally significant weight change. It may be worthy to test the food in
several groups in which the food may have different effects, such
as children vs. adults vs. elderly. To ensure fidelity of the interven-
tion, it is crucial that adherence to the intervention be objectively
measured, and if possible, the intervention should be verified
through direct observation. Conducting studies that objectively
verify consumption without direct observation is currently not
possible, and technologies are in development (15, 16) and are
urgently needed to do these types of studies in natural settings
and to advance the field. A 6-month duration will account for sea-
sonal effects on weight and long-term energy balance adaptations.
Having participants consume the food, but otherwise maintain
their typical diet and exercise habits, allows for the full range of
energetic compensation and gives this type of study high-external
validity. If weight change is the primary outcome, it negates any
need for error-prone food intake and energy expenditure measures
as intermediate indicator outcomes. This fifth and final criterion
for making an evidence-based policy about food and weight is
robust and appropriate for drawing conclusions about causation
in free-living populations.
It is noteworthy that several indicators often used as evidence
that a food may influence body weight are not included on the
criteria list. For example, the influences of a food on subjective
feelings of satiety, fullness, or hunger are not included. It is not
clear if increased feelings of satiety or hunger always translate to
measureable energy intake outcomes. For example, peanut butter
produces less satiety than whole peanuts, but peanut butter pro-
duces more adequate energetic compensation (151%) than whole
peanuts (104%) (17). In addition, the ability of a food to influ-
ence some physiological process of metabolism, for example, if a
component of the food increases lipolysis, is not on the criteria
list. Although such measures can be informative in some cases
for understanding mechanisms and other outcomes, since they do
not consistently translate to substantial and measureable changes
in energy intake or energy expenditure, they are not included.
CONCLUSION AND FUTURE DIRECTIONS
The criteria outlined herein may serve as a basis for a formal panel
or workshop discussion to formalize evidence criteria to deter-
mine the causative influence of foods on body weight. In order to
understand the influence of foods on body weight in free-living
populations, because of the nature of energy balance and what
impacts it, it is imperative to study the influence of foods in this
context. Improvements in technology to objectively and accurately
measure food intake and energy expenditure in free-living set-
tings would significantly advance research in this area. Until we
understand what foods have an influence in this context, it will be
difficult to implement effective food-based policies for prevention
and treatment of obesity in the general public and population the
policies are intended for.
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